Objectives: The development of technologically advanced, expensive techniques has progressively reduced the value of chest X-ray in clinical practice for the assessment of left ventricular (LV) dilatation and dysfunction. Although controversial data are reported on the role of this widely available technique in cardiac assessment, it is known that the cardio-thoracic ratio is predictive of risk of progression in the NYHA Class, hospitalization, and outcome in patients with LV dysfunction. This study aimed to evaluate the reliability of the transverse diameter of heart shadow [TDH] by chest X-ray for detecting LV dilatation and dysfunction as compared to Magnetic Resonance Imaging (MRI) performed for different clinical reasons. Materials and Methods: In 101 patients, TDH was measured in digital chest X-ray and LV volumes and ejection fraction (EF) by MRI, both exams performed within 2 days. Results: A direct correlation between TDH and end-diastolic volumes (r = .75, P<0.0001) was reported. TDH cut-off values of 14.5 mm in females identified LV end-diastolic volumes >150 mL (sensitivity: 82%, specificity: 69%); in males a cut-off value of 15.5 mm identified LV end-diastolic volumes >210 mL (sensitivity: 84%; specificity: 72%). A negative relation was found between TDH and LVEF (r = -.54, P<0.0001). The above cut-off values of TDH discriminated patients with LV systolic dysfunction -LVEF <35% (sensitivity and specificity: 67% and 57% in females; 76% and 59% in males, respectively). Conclusions: Chest X-ray may still be considered a reliable technique in predicting LV dilatation by the accurate measurement of TDH as compared to cardiac MRI. Technologically advanced, expensive, and less available imaging techniques should be performed on the basis of sound clinical requests.
INTRODUCTION
Chest X-ray is one of the most widely used methods for population screening and patient evaluation in virtually all cardiac diseases. [1] [2] [3] [4] The American College of Cardiology/American Heart Association (ACC/AHA) and the European guidelines for the diagnosis and treatment of heart failure advocate looking for the presence of appropriate symptoms and signs and the objective evidence of cardiac dysfunction, as provided by electrocardiogram (ECG), chest X-ray, and cardiac imaging. [5] In this respect, chest X-ray represents a firm element of the diagnostic process in this group of patients.
However, the value of chest X-ray in detecting left ventricular (LV) size and function is still controversial, and it has been suggested that less than half of the patients with LV systolic dysfunction show a cardiothoracic ratio >55%. [6, 7] Although comparison with other techniques has shown only a weak correlation between cardiothoracic ratio and radionuclide, echocardiographic, or magnetic resonance imaging (MRI)-derived volumes and ejection fraction (EF), [8, 9] heart size on the chest X-ray is still of considerable prognostic value in the patients with low LV ejection fraction (LVEF). [10] [11] [12] Moreover, the measurement of the transverse chest dimensions could represent a source of error in the evaluation of the cardiothoracic ratio, which is the parameter considered for the assessment of heart size in most of the studies published so far. An index derived from cardiac silhouette, which does not take into account measures of the chest, could therefore provide more reliable parameters for definition of LV dimension and function.
Cardiac MRI -due to its good accuracy and superior reproducibility -is now considered as the Gold Standard for in vivo quantification of left and right ventricular volumes and EF. [13] [14] [15] [16] [17] [18] MRI equipment, however, is not always available and its costs are considerable. On the other side, chest X-ray is fast, cheap, relatively safe in terms of radiation exposure, totally non-invasive, and is an easily available form of investigation. With these considerations in mind, the aim of this study was to evaluate in an unselected population undergoing cardiac MRI for clinical reasons the ability of a simple measurement derived from chest X-ray (transverse diameter of the heart shadow [TDH]) in detecting LV dilatation and systolic dysfunction, independently measured by cardiac MRI.
MATERIALS AND METHODS

Patients
A group of 101 consecutive patients admitted to our Institute and undergoing cardiac MRI and chest X-ray for clinical reasons were studied: 69 patients were males, mean age was 62±14 years. The indications for cardiac MRI were LV ischemic dysfunction, idiopathic cardiomyopathy, acute myo-pericarditis, valvular heart disease, hypertrophic cardiomyopathy, or arrhythmogenic right ventricular dysplasia in 50, 26, 6, 5, 2, and 12 patients, respectively. All patients were under stable clinical conditions at the time of the study.
Chest radiography
Chest X-rays (postero-anterior and lateral projections), of patients in the erect position during an inspiratory breath-hold, with rib position on the 6 th rib anteriorly and the 10 th rib posteriorly, with focus-to-detector distance of approximately 2 m and very short exposure times, were analyzed. A digital system with Charged Coupled Device technology was used. The digital system IMIXThorax (Oy IMIX AB, Tampere, Finland), comprising a detector, scintillation camera, optical system, a system for converting X-ray photons, reconstructions computer, and post-processing computer, is capable of displaying the image in about 10 s. In the IMIX-Thorax, the detector system is strictly related to the ARCO COMB column (Arcoma AB, Vaxjo, Sweden). It includes an automatic exposure control system connected to the X-ray generator Medira 2064 (MEDIRA AB, Tampere, Finland), which ensures the constant and correct emission of radiation as a result of the automatic setting of the anode current at the X-ray tube.
The chest X-rays were obtained within 2 days of the cardiac MRI study. The films were independently read by two expert radiologists who were blinded to the patient's clinical and functional status and level of severity of cardiac disease. For the analysis, a standardized reading grid was used. TDH was measured by drawing a line near the middle of the heart shadow and the spine with a line from the right heart border to that line. Another line from the left heart border farthest from the line in the middle of the heart shadow was added. The two lengths were added together to derive the transverse diameter of the heart [ Figure 1 ]. The cardiothoracic ratio (CTR) was also calculated as the ratio between the widest portion of the heart and the diameter of the chest, determined by drawing a line at the level of right leaf of the diaphragm and extending to the inner border of the rib cage on the right and on the left [ Figure 1 ].
Cardiac MRI
Cardiac MRI was performed using a 1.5 Tesla whole body scanner (GE Medical Systems, Milwaukee, Wisconsin, USA). A 4-element cardiac phased-array receiver surface coil was utilized for signal reception. A breath-hold segmented-gradient fast-imaging echo, employing steady-state acquisition, triggered with the ECG, was used to evaluate global LV function according to standard parameters. In each patient, a total of 9-12 short-axis views (depending on the LV volumes) and 2 long-axis views (one vertical and one horizontal) were acquired, with a minimum of 30 cine frames for each slice. To measure LV volumes, the endocardial borders were manually drawn in all the short axis end-diastolic and end-systolic images, excluding papillary muscles. End-diastolic and end-systolic LV volumes were calculated and LVEF was derived. [19] Cut-off values of LV end-diastolic volume (LVEDV) were calculated on the basis of normal values reported in our MRI lab. [20] Therefore, an absolute LVEDV >210 mL was considered as abnormal in males and >150 mL as abnormal in females.
The procedures followed were in accordance with the ethical standards of the Institutional Committee on Human Experimentation and with the Declaration of Helsinki of 1974, as revised in 2000. Approval of the Institutional Committee was obtained and each patient gave informed consent for undergoing clinical examination and chest X-ray after cardiac MRI.
Statistical analysis
Quantitative data were expressed as mean ± standard deviation, qualitative data as percentage. The relationship between TDH and LV volume or LVEF at MRI was evaluated by least square linear regression analysis and the Pearson linear correlation (r).
The cut-off value of the TDH utilized to identify volumes >150 mL in females and >210 mL in males was computed using the receiver operating characteristics (ROC) curve and Jouden's J. The performance indices of the cut-off value were used to determine sensitivity, specificity, positive and negative likelihood ratio (LR+, LR-), and the area under the ROC curve (AUC). The AUC was estimated by a non-parametric approach. The comparison between females and males for the AUC was made using the method for independent sample. Inter-observer reliability in chest X-ray measurements of two observers was evaluated using the correlation coefficient of Lin, [21, 22] the intra-class correlation coefficient (ICC), and the Bland and Altman method. [23] The ICC was calculated using a two-way random effects model where people and measure effects were random. A P value <0.05 was considered to be statistically significant. All tests were two-tailed. The statistical analysis was made by JMP statistical software, SAS Institute Inc, version 4.0.0, and by Stata SE statistical software, StataCorp, release 10.
[24]
RESULTS
Inter-observer variability
The variability between the values of TDH measured by the two readers was very low. 
Prediction of LV dilatation
As shown in Figure 2 , a good correlation was found between TDH and absolute values of LVEDV by MRI (r = 0.75, P<0.0001).
In females, a cut-off value of 14.5 mm of TDH was able to identify LV volumes >150 mL with a sensitivity of 82%, a specificity of 69%, a LR+ of 2.63, and a LR-of 0.26. The AUC was 0.77 (95% C.I.: 0.59-0.94).
In males, a cut-off value of 15.5 mm identified absolute LV volumes >210 mL with a sensitivity of 84%, a specificity of 74%, a LR+ of 2.97, and a LR-of 0.22. The AUC was 0.83 (95% C.I.: 0.73-0.93). No significant difference in the AUC between females and males was observed (Chi-square=0.37, P=0.545). Postero-anterior chest X-ray projection where the measure of the transverse diameter of heart shadow (TDH) is reported. The measure was taken by drawing a line near the middle of the heart shadow and the spine and a line from the right border to that line. Another line from the left heart border, drawn to the middle, was added. The two lengths were added together to derive the TDH.
When CTR was considered, a less significant relation was reported with absolute values of LVEDV (r=.46, P<0.001) and with LVEDV indexed for body surface area BSA (r=.52, P<0.001). A cut-off value of 0.50 identified pathologic absolute LV volumes with a sensitivity of 64%, a specificity of 66%, a LR+ of 2.34, and a LR-of 0.49.
Prediction of LV dysfunction
As illustrated in Figure 3 , a negative relation was found between TDH and LVEF measured at MRI (r= -0.54 P<0.001).
The same cut-off values of the TDH were able to discriminate patients with a LVEF <35% with a sensitivity, a specificity, a LR+, and a LR-of 67%, 57%, 1.55, and 0.54 in females, and of 76%, 59%, 2.08, and 0.38 in males, respectively.
A mild relation was also seen between CTR and LVEF (r=.41, P<0.001).
DISCUSSION
In the present study, a good relationship was found between TDH measured on conventional chest X-ray and LVEDV measured by MRI in a consecutive unselected group of patients undergoing cardiac MRI.
The role of chest X-ray in the assessment of the heart is not univocal. Even American and European guidelines do not state the role in clinical practice of this easily available technique. Published data have shown that chest roentgenograms are not reliable in assessing and grading left ventricular systolic dysfunction in patients after acute MI [25, 26] or in patients with chronic heart failure [27, 28] when compared to radionuclide ventriculography or echocardiography.
Some authors have shown that the most informative radiological feature in detecting heart failure is actually cardiac enlargement [29] although other authors have shown that patients with a significant reduction in LV systolic function may have a normal heart size on the chest X-ray. At the same time, an enlarged heart may not reflect a reduced LVEF, mostly due to cardiac hypertrophy, pericardial effusion, or enlargement of atria. However, a higher CTR has been shown to be predictive of risk of progression in the NYHA Class and hospitalization. [10, 30] At the same time, radiographic measures of cardiac size may represent predictors of outcome in patients with dilated cardiomyopathy. [12] Most of the studies published so far on the assessment of cardiac dimensions by chest X-ray have used CTR as a marker of cardiac enlargement. In this study, we have shown that while a good relation was found between LVEDV and TDH, this relation is less significant for the CTR. As a matter of fact, it is understandable that the comparison of the CTR with LV volumes indexed for BSA may lead to poorer results. The normalization we apply to the cardiac silhouette when related to thoracic dimensions cannot be equalized to the normalization of LV volume we apply when indexing it to the BSA; a greater BSA can be reported in patients with increased abdominal circumferences and normal thoracic dimensions.
The X-ray reveals the cardiac silhouette, which encompasses all four cardiac chambers. A complete agreement between X-ray and LV volumes obtained by MRI cannot be expected since left atrial or right ventricular enlargement could be responsible for greater TDH measures. [31, 32] Other variables, such as the presence of pericardial effusion, should be considered as the cause of an increased TDH unrelated to cardiac dimensions. In the present study, four patients with moderate LV dilatation showed a localized <3-mm pericardial effusion and none had important diffuse effusion.
A less significant relation was reported between TDH and MRI-assessed LVEF. Chest radiography is not a reliable indicator of the degree of left ventricular systolic dysfunction, as already reported by different authors, which compared CTR with echocardiography and radionuclide ventriculography. [4] In line with these results, the relation we found in the group of patients was only moderate. In this respect, chest X-ray could be of help when cardiac dimensions are integrated with other abnormalities, such as pulmonary congestion or edema. However, in the present study, 35/42 patients with EF <35% had a TDH >15 mm; this result may suggest that an increased TDH by itself may address the diagnosis of a reduced global LV function.
Limitations of the study
The study suffers from some limitations: first, a conventional digital X-ray was adopted. Probably an ECG-gated digital chest X-ray could have helped on timing the X-ray shot more precisely during the filling phase of the heart, so improving the relation observed between TDH and of LV volumes by MRI. [33] Secondly, patients with significant pericardial effusion or severe pulmonary hypertension were not present in the studied population. Enlargement of the heart silhouette unrelated to LV dimensions like in the presence of significant diffuse pericardial effusion could have lead to poorer relations between TDH and LV volumes.
Finally, for the present study, TDH only was used to estimate LV dimensions and function. Other X-ray-derived parameters such as peribronchial cuffing or vascular pedicle have been reported in literature in heart failure patients, mostly for the assessment of intravascular volume status, although results are still not univocal. [34, 35] 
CONCLUSIONS
In conclusion, the results of this study show that chest X-ray, a widely available, low-cost, and low-risk technique -since radiological exposure is almost negligible (around 0.01 mSV, equivalent to the dose absorbed for 10 days due to the natural background radiation [36] ) -should still be considered as the first approach for a rapid and reliable screening of cardiac dimensions. The use of highly technological, expensive, and much less available techniques should be devoted to specific clinical questions, which would be otherwise unanswered. This is particularly true when a properly executed and interpreted chest X-ray examination is integrated with clinical data collection and a careful physical examination.
